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Abstract—Simulating variations pre-Si can be very time
consuming. Running enough Monte Carlo simulations at the five
process corners takes a non-trivial amount of time, particularly
for larger designs. This paper describes a method for decreasing
time for simulating process variations by reducing the number of
required simulations. Through noise-analysis and Monte Carlo
simulations conducted in commercial 28nm Fully Depleted
Silicon On Insulator (FDSOI), we demonstrate that this method
results in a reduction as large as one half in simulation time,
depending on the size and type of circuit.
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1. INTRODUCTION

As ICs continue to scale, parameter variations pose a
significant threat to circuit reliability. =~ Moreover, power
consumption becomes an increasingly important concern,
making sub-threshold (sub-VT) an attractive route for many
ultra-low power (ULP) applications. However, impacts from
variations are magnified yet further at very-low-voltage
operation. Thus, a major roadblock to usability of such
applications lies in increased sensitivity to variations both at
near- and sub-VT. This has made simulating process and
mismatch variations pre-Si a crucial part of the design flow.
However, simulating variationos pre-Si can be very time
consuming. Running enough Monte Carlo simulations at each
of the five process corners (TT, FF, SS, SF, FS) takes a non-
trivial amount of time, particularly for larger designs. Thus, in
order to more efficiently test designs, ways to reduce the
number of simulations required to declare a design robust must
be found.

This paper presents a methodology for reducing the number
of circuit simulations required to ensure variation robustness.
Through noise-anslysis and Monte Carlo simulations
conducted in commercial 28nm Fully Depleted Silicon On
Insulator (FDSOI) technology, the method is demonstrated to
reduce simulation time by up to one half depending on the size
and type of the circuit under test (CUT). The following
sections discuss parameter variations and sub-VT and give an
overview of FDSOI. The approach and results will then be
presented and discussed.

A. Parameter Variations and Sub-VT

The degraded /,,/I,y ratio in sub-VT makes circuits more
prone to effects from threshold voltage shifts, the most
common device-level side effect from process variations [1].
This is demonstrated by the transistor drive current in the
weak inversion (i.e. sub-VT) regime given by [2]:

Ips=Iyexp((Ves — Vr)/nVi) (1)
IO = Wo Cox (W/L)(I’l - I)Vth2 (2)

where [ is the drain current when Vgs=Vr, Vs is the voltage
between gate and source, V7 is the transistor threshold voltage,
Vi is the thermal voltage (given by k7/q), n is the sub-VT
slope factor, and C,, is the capacitance of the oxide.

Note in (1), threshold voltage is an exponential factor,
which illustrates the high sensitivity to threshold voltage shifts
experienced by circuits in sub-VT. It must also be noted that
the relationship between [1,, and Vp is in sub-VT is
exponential, which impacts the way we show our results later
on.

B. Deep Nanoscale FDSOI for ULP Operation

Due to the high amount of power consumed by bulk
CMOS circuit implementations, alternative transistor designs
have been introduced in recent years. Multi-gate devices, like
FinFETs are one route that has presented great promise in
offering better performance and power consumption for ICs at
smaller technology nodes. Another technology is Silicon on
Insulator (SOI). SOI devices have a layer of silicon dioxide
(Si0,) right beneath the surface of the device. This is referred
to as the buried oxide (BOX). SOI technologies can either be
Partially Depleted (PD) or Fully Depleted (FD). The
difference is in the depth of the BOX layer [4]. The BOX
layer for an FDSOI device is typically less than 50nm and
scales with the SOI device. The small scale at which the BOX
layer requires manufacturing is one challenge associated with
large-scale production of FDSOI MOSFETs. Fig. 1 (a) shows
the structure of a typical bulk CMOS transistor and Fig. 1 (b)
shows the structure of an FDSOI transistor. Due to its
modified structure, biasing FDSOI devices is called “back-
gate biasing” instead of “body biasing”.
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Fig. 3. This plot shows Temperature in °C vs. the distributions of VM for process cornersa at VDD=300mV.
Note that the averages for SF at -55°C, FS at 125°C, and TT, FF, and SS at 27°C all fall very close together at
VDD/2, 150mV here. The distributions are also almost exactly the same for all these cases. SF and FS at
27°C are shown here for reference. These are points that do not fall in the same range.



Log-Log lon N vs. P Scatter

metrics that could be

ey 1 analyzed for larger
+ . N . circuits. The next
N
oL+ +* * step would be to run
> .t L S this same analysis
10+ o 5 o o F 4+ & ++++# * + 7

® 4 Yax O vo P £t tea U . A across a greater
= T, o ¥ YR g ot o T oat -, + number of voltages,
< °F * o Yo TR @ 9549 of a &t y d b-VT
o -1U|.Si_ * 4 . o ” 80,); o o ‘““ﬁ oo+8 oo P R b++ + . 4 super- an sSub- .
8 LS ° 4o o I TN T OUE . ’ It would then be
o so & o #, LSa Ty, : ; i
. Xk +7 ot ke, B0 ® & 2u0, % g WO e aa A interesting to do this

5 e P2 T S Y N ° - analysis with rin
P M :f* *ya ¢$ - o o “E o 40 | y g
* R * “** ¥, %exa s F Y, “ L8 oscillators and find
. * * * N . the distributions of

* * ¥ *

10" * | | frequency and/or
0" 10" delay.  This could
lonf (A) then be done for
Fig. 6. A log-log plot of n-type device 1,, vs. p-type device I,, at 27°C and VDD=300mV. The bolded diamonds are the averages ],,,/Ioﬁ' ratio, which
for each of the five corners. would be another

compensating for process, temperature, and supply voltage
variations in ring-oscillator-based on-chip clock generators.

II. APPROACH AND METHODOLOGY
We approach the problem by posing two questions:

1. How can we reduce the number of simulations
required to exhaustively verify a circuit Pre-Si?

2. Are there ways of managing failures due to
manufacture at non-TT corners post-Si?

We hypothesize that we can find temperatures at which
circuits manufactured at non-TT corners behave like circuits
manufactured at the TT corner and operating at 27°C (room
temperature). Thus, our goals are to reduce the number of
tests required to exhaustively test a design and provide a
method for circuit balancing post-Si when designs fall in non-
TT corners.

We find the distribution of metastable voltage (Vy) for
VDD=200mV and VDD=300mV, at the five process corners
(TT, FF, SS, SF, FS), and across temperatures (27°C, -55°C,
125°C).

III. RESULTS

The distribution of VM was found with 500-point Monte
Carlo simulations across the five process corners at
VDD=200mV and VDD=300mV. Fig. 1 shows the averages
of the distributions. Because the relationships remain the
same for both 200mV and 300mV, we continue the analysis
for only 300mV.

The data shows that simulating the TT corner at 27°C
yields a very similar distribution to the FS corner at 125°C and
the SF corner at -55°C (Fig. 3). Other correlations exist as
well and are shown in Fig. 4.

IV. CONCLUSION

From the analyses here it is difficult to conclude anything
with certainty. In future work, there are more meaningful

interesting metric to
analyze. The findings suggest that relationships exist that
allow for fewer simulations to be run pre-Si while still
allowing for thorough testing.

This work concludes that this is an avenue worth exploring
in greater detail. There are clear correlations between
temperature and process corners for Vy, which have very
useful applications in verification and test of ICs.
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